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(54) SEMICONDUCTOR MEMORY 

(57)Abstract: 

PROBLEM TO BE SOLVED: To enable a specific ratio 
between a coupling capacitance and a memory cell 
capacitance to be secured constantly by forming a 
coupling capacitor arid a memory cell capacitor by the 
same process. 

SOLUTION: Bit line pair (BL, BLB) are splitted into a 
plurality of splitted bit line pairs (BL1, BL1B; BL2, BL2B) 
so as to form coupling capacitor with mutually adjacent 
splitted bit lines tucked up. A memory cell containing a 
MOSFET, a capacitor lower electrode 10, a capacitor 
insulating film 11 and a capacitor upper electrode 12 is 
formed in a memory cell array part 2. A coupling 
capacitor composed of a plurality of unit capacitors 
formed in the same process as that of the cell 
capacitors series connected is connected between the 
splitted bit line 15a (BL1) and the splitted bit line (BL2B) 
in the coupling capacitor part 1. Likewise, the same 
coupling capacitor is formed between the splitted bit 
lines BL1B and BL2.i 
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* NOTICES* 

Japan Patent Office is not responsible for any 
damages caused by the use of this translation. 

1. This document has been translated by compute r.So the translation may not reflect 
the original precisely. 

2 **** ghows the word which can not be translated. 
3.1n the drawings, any words are not translated. 

(Claim(s)] 

[Claim l] It is the semiconductor memory characterized by forming two electrodes and 
capacity insulator layers of the aforementioned couple capacitative element in the 
semiconductor memory by which a bit line pair is divided into plurality and couple 
capacitative element is formed in tucking up its sleeves with a cord between the divided 
adjoining division bit lines by the conductive layer and insulator layer of the same layer 
as two electrodes of the capacitative element for data storages of a memory cell, and 
capacity insulator layers. 

[Claim 2] The aforementioned couple capacitative element is a semiconductor memory 
according to claim I characterized by connecting to a serial two or more unit 
capacitative element which has the same layer structure as the aforementioned 
capacitative element for data storages. 

[Claim 3] The aforementioned unit capacitative element which constitutes couple 
capacitative element is a semiconductor memory according to claim 2 characterized by a 
flat-surface configuration being equivalent to it of the aforementioned capacitative 
element for data storages, or forming it more widely than it. 

[Claim 4] The semiconductor memory according to claim 1 characterized by forming the 
aforementioned couple capacitative element and the aforementioned capacitative 
element for data storages on bit line pair twinning. 
[Detailed Description of the Invention] 
[0001] 

[The technical field to which invention belongs] Especially this invention; relates to the 
multiple-value dynamic random access memory ©RAM) it was made to make one cell 
memorize two or more bits about a semiconductor memory. 
[0002] 

[Description of the Prior Art] Storage capacity (number of bits) will increase by 4 times 
in about three years, and dynamic random access memory is developed. Increase of such 
storage capacity has so far be n attained by the increase in high integration by 
detailed-izing of a semiconductor device, and a chip size. However, while' detailed-ized 
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processing of a pattern becomes difficult, it is becoming still more difficult to secure the 
reliability of the element which turned minutely. Moreover, increase of a chip size not 
only causes the increase in co6t, but causes the fall of the manufacture yield. 
[0G03] Usually, as for the memory cell 1 bit consists of binary [ of 0 level and 1 level ]. 
Therefore, in order to increase the bit capacity of DRAM, the number of memory cells 
must be increased and increase of bit capacity will cause the above problems inevitably. 
As what solves this problem, the so-called multiple -value memory which makes the 
number of level of a memory cell larger than binary is proposed (JP,63 149900,Aetc.). 
[0004] As multiple-value memory, the sense of each bit is performed from MSB (most 
significant bit) one by one to LSB (least significant bit), the method which changes the 
sense level of a lower bit using the sense result of a high order bit is newly originated, 
and it is expected as what can carry out [ detailed Hzing of the area per bit more as 
compared with the conventional multiple-value memory. The circuit diagram of the 
multiple value memory is shown in drawing 4 . 

[0005J a bit line pair - BL and BLB - the transfer gate TG - 2 sets of division bit line 
pairs - BL1 and BLlB - And it is divided into BL2 and BL2B and each division bit line 
pair has sense amplifiers SA1 and SA2. an original bit line pair - the memory cell on 
the intersection of BL t BLB, and a word line WLi G= 0 255) - a division bit line pair it 
has distributed to BLl, BLlB, and BL2 and BL2B Distribution of a memory cell is 
distributed so that the ratio of the stray capacity (all, such as a sense amplifier, were 
included) CBl and CB2 of a division bit line may be set to V2. 

[0006] Moreover,! the couple capacitative element Cc (Cc also means the capacity value 
of this couple capacitative element) is respectively connected between the division bit 
line BLl, BL2B, and BL2 and BLlB. The memory cell is equipped With the cell 
capacitative element Cs (Cs also means the capacity value of this cell capacitative 
element), and the fixed potential VP (=1/2VCC) called plate potential is impressed to the 
end of Cs. Moreover, the division bit line BLl, BL2B, and BL2 and BLlB are connected 
to input-output-line I/Ol and 1/02 through the transistor controlled by the signal of the 
column selection: line CSL, respectively. 

[0007] Next, operation of this multiple-value memory is explained with reference to 
drawing 5 (a) anid (b). here ** drawing 5 (a) and (b) - respectively - a division bit line 
pair - the voltage waveform of BL2, BL2B, and division bit line pair BLl and BLlB is 
shown the time of standby - the transfer gateTG - turning on - **** - a bit line pair - 
BL and BLB are precharged by the precharge transistor (with no illustration), and the 
equalizing transistor (with no illustration) as well as the usual DRAM at 1/2VCC Then, 
if a word line is chosen at time Tl, a cell data will be read for any of bit lines BL or BLB 
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being. The potential of the bit line of the side to which a selection cell is not connected 
stops at precharge level. Since the transfer gate is turned on at this time, even if a 
selection cell is in which [ of a division bit line pair ] side, in a bipante rate bit line, the 
same voltage according to "0"- "3" of a cell data appears. This voltage is lower than 
1/2VCC (=VP), when cell datas are "0" and "1", as shown in drawing 5 , and when it is 
"2" and "3 ! \ it becomes higher than VP. 

[0008) time T2 setting - the transfer gate TG - turning off • continuing • a sense 
amplifier SA 2 - activation - starting * a division bit line pair •• amplification of the 
data on BL2 and BL2B starts time T3 - setting - a division bit line pair - one side of 
BL2 and BL2B - n r level (VCC) and another side are 6et to "O" level (GND) Here, a 
selection cell is connected to a bit line BL side, and if it assumes that it is that by which 
"2" or "3" was stored in the cell, VCC level and BL2B will serve as [ BL2 ] GND level. 
[0009] At this time, die amplitude of BL2 and BL2B serves as 1/2VCC in general. 
Consequently, BLlB will be raised xV with the couple capacity Cc, and BLl will be 
reduced xV. Here, if the couple capacity Cc is adjusted so that the potential difference of 
adjacent signal level may be set to 2dV(s) and it may become equal to dV about the 
potential difference xV to change, the level of BLlB used as reference level will serve as 
VP+dV from VP. On the other hand, when stored data is "2 f, I it passes through the level 
of BLl by the side of a selection cell VP from VP+dV, and when stored data is "3", it 
changes to VP+2dV from VP+3dV. 

[0010] Therefore, if a sense amplifier SA 1 is activated at time T4, according to stored 
data, one side will be set to "1" level (VCC), and, as for BLl and BLlB, another side will 
be set to "0" level (GND). That is, when stored data is "2", as a solid line shows, and BLl 
serves as [ VCC and BLlB ] GND, and a dotted line shows, BLl serves as I when stored 
data is "3", / GND and BLlB ] VCC. 

[001 1] a potential change according to the couple capacity Cc when the stored data of a 
selection cell is "0" or 11 1" - an opposite direction - working ■• the reference potential of 
BLlB VP to VP dV - becoming the level of BLl of another side - VP- 2 - it is set to 
dV (at the time of "0"), or VP (at the time of "1") Thus, it senses by SA2 and the data of 
LSB by SAl by feeding back the result to the sense level of SAl at SA2 It is amplified. 
[ the data of MSB ] These signals are read outside through I/Ol and 1/02 by making the 
signal of a column selection line into highness. Moreover, the re -writing to a cell can be 
performed by making the transfer gate TG turn on still in the state in the state where 
the word line WLk (k= 0, 3 [ 2 and 3 ], ...) was chosen. At this time, the potential of a bit 
line serves as "3" and level which sets GND to "0" in VCC decided by the potential of the 
bit line before ON of TG, and the capacity factor of the bit line capacity CBl and CB2. 
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[0012] Since the transfer gate TG turns on the voltage difference Vr which will be read 
[ capacity ] from the cell between the highest voltage (VCC) and the minimum voltage 
(GND) which are: stored in a cell in the capacity of BLl of Cs and a division bit line if 
capacity of a memory cell is set to CB1 at the time of read out and bit line capacity 
serves as 3CB(e)l here, it is Vr=VCC/(l+3CBl/Cs). 

It becomes. Since it is Vr/3, potential difference 2dV between each level is: 2dV=VCC/{3 

(1+3CB1/Ca». 

It becomes. 

[0013] The potential change xV given to the bit line which carried out cross intersection 
through the couple capacity Gc with the amplitude of VCC of a bit line on the other hand 
is xV=VCC/{2 (1+CBl/Cc)}. 

It becomes. Therefore, the conditions for xV=dV being materialized are: 1+CB1/Cc=3 
(l+3CBl/Cs). 

Here, since it is CB1/Cs»l and CB1/Cc»l, it is set to CBl/Cc=9CBi/CsCc=Cs/9. 
Therefore, what is necessary will be just to set couple capacity between bit lines to one 
ninth of cell capacity (however, this value does not change by changing a sense method, 
and is not fixed). 
[0014] 

[Problem(s) to be Solved by the Invention] In order to mistake bits other than MSB by 
multiple -value memory of composition of having mentioned above and to read by it that 
there is nothing, it is that it is very important to fix the ratio of the couple capacity Cc 
and the memory cell capacity Cs. When thi6 ratio is not regularityized, the tolerance to 
read-out voltage; becomes low, and the possibility of incorrect read-out becomes high 
again. It will ** and cannot avoid that process change arises in a semiconductor 
manufacturing process, but variation will arise in the capacity value of the capacitative 
element formed in the process when change arose in a process. Therefore, the 1st 
technical problem which this invention should solve is enabling it to always secure 
uniformly the capacity factor of the couple capacity Cc and the memory cell capacity Cs, 
even if change may arise in a manufacture process. This 1st technical problem is 
solvable by forming couple capacitative element and memory cell capacitative element 
according to the same process. It is because variation can be prevented from being 
generated in a capacity factor if it does in this way even if variation may arise in the 
electrode height of the thickness of a capacity insulator layer, or capacitative element 
and variation may arise in capacity value by process change for the reason. 
[0015] Although it is necessary to enlarge memory cell capacity Cs in order to operate 
DRAM stably, since the cell size became small, recently, the SUTAKKUTO type and 
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trench type which formed capacitor structure in three dimensions are used. Pattern 
formation of the electrode connected to the diffusion layer of the transistor which 
constitutes these 1 capacitor structure is carried out using the lower limit called design 
rule. It is necessary to form the couple capacity Cc correctly so that it may always 
become l/several values to the memory cell capacity Cs. by the way for the reason 
Although it is desirable to form couple capacitative element and memory cell 
capacitative element in the same process, since memory cell capacitative element ie 
already designed based on the minimum design rule, the material of the same layer as 
Cs - using it - in addition - and it is very difficult to obtain several [ 1/] of the capacity 
of Cs by independent capacitative element Therefore, the 2nd technical problem which 
should solve this invention ib enabling it to form the element of several [ 1/] of the 
capacity of cell capacity using the material of the same layer as the cell capacity Cs 
maintaining the minimum design rule. 

[0016] In order to enlarge memory cell capacity Cs, thickness of a capacity insulator 
layer is thiirfilnrized by even the minimum thickness which can disregard leak in the 
voltage concerning a capacity film. The voltage of the potential difference between bit 
lines BL and BLB and a plate joins the capacity insulator layer of; memory cell 
capacitative element. The voltage which joins a bit line changes between the supply 
voltage VCC inside a memory cell, and the grounding potential GND. The voltage VP 
which joins a plate is VCC of half of supply voltage inside memory cell/2, therefore, the 
voltage impressed to the capacity insulator layer of memory cell capacitative element is 
VCC/2 at the maximum. On the other hand, couple capacity is connected to two bit lines 
which become a pair, therefore, the voltage which joins couple capacitative element - a 
maximum of - it becomes the double precision of VCC and memory cell capacitative 
element Therefore, the 3rd technical problem which should solve this invention is 
making it cause neither leak nor dielectric breakdown, even if voltage higher than 
memory cell capacity may be impressed to the couple capacitative element formed of the 
same process as memory cell capacitative element. 
[0017] 

[Means for Solving the Problem] The 1st technical problem mentioned above is solvable 
by forming couple capacitative element in the same process as memory cell capacitative 
element Moreover, the above-mentioned 2nd and the 3rd technical problem can solve 
couple capacitative element equivalent to memory cell capacitative element, or by 
constituting by the series connection of two or more unit capacitative element which ha6 
the size beyond it more greatly [ capacity value ] on a par with memory cell capacitative 
element than it. . 
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10018] 

[Embodiments of the Invention] The semiconductor memory by this invention is 
multiple-value memory by which a bit line pair is divided into plurality and couple 
capacitative element is formed in tucking up its sleeves with a cord between the divided 
adjoining division bit lines, and is characterized by forming two electrodes and capacity 
insulator layers of the aforementioned couple capacitative element by the conductive 
layer and insulator layer of the same layer as two electrodes of the capacitative element 
for data storages (memory cell capacitative element), and capacity insulator layers. 
[0019] And preferably, the aforementioned couple capacitative element has the same 
layer structure as the aforementioned memory cell capacitative element, to this, or two 
or more large unit capacitative element is connected to a serial, and a Oat-surface 
configuration consists of this. 

[0020] According to the above-mentioned composition, even if variation may arise in the 
capacity value of the formed capacitative element by metaphor process change, since 
the variation appears with the same inclination by couple capacity and memory cell 
capacity; it does? not affect a capacity factor. Moreover, since it is not necessary to 
establish the special process for forming couple capacity according to this invention, the 
secondary effect that multiple-value memory can be formed according: to the same 
simple process as the case where the conventional DRAM of 1 bit of one cell is 
manufactured is also enjoyable. 

[0021] Moreover, it is the 6ame as the size of memory cell capacitative element in couple 
capacitative element, or it becomes possible to form the capacitative element of the 
capacity value below memory cell capacity, without reducing the minimum design size 
used when forming a memory cell, since two or more unit capacitative element of the 
size beyond it is connected to a serial and it constitutes. Furthermore, even if the 
voltage impressed to each unit capacitative element by having constituted couple 
capacitative element with the series-connection object of two or more unit capacitative 
element is divided, the voltage which joins the capacity insulator layer is set to 1 for the 
series-connection number of voltage which joins a bit line and the voltage more than a 
memory cell may be impressed to couple capacity, it is lost that big leak flows to the 
capacity insulator layer, or dielectric breakdown arises. 
[0022] 

[Example] Next, the example of this invention is explained with reference to a drawing. 
[1st example] drawing 1 is the circuit diagram showing the 1st example of this 
invention. A different point from the circuit shown in drawing 4 is a point which 
connects to a serial two or m re unit capacitative element which is connected between 
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the division bit line BL1, BL2B, and BL2 and BL1B, and in which the couple 
capacitative element Cc has the same layer structure as the memory cell! capacitative 
element Cs, and is constituted respectively. Since the other point and circuit operation 
are the same as that of the case of the circuit shown in drawiPg-4 » the detailed 
explanation is omitted. Specifically in the circuit shown by drfi.W*ng.Jl » 4,16 s 6 ™ 5 
connection of the nine unit capacitative element is carried out. This number changes 
according to the capacity value of unit capacitative element, and the kind of sense 
circuit. 

[0023] Drawing 2 is the cross section having shown typically the structured the couple 
part by volume 1 in the semiconductor device of the 1st example of this invention, and 
the memory cell array section 2. As shown in fra wmgil , the gate oxide film 5 is formed 
in the front face of the P type silicon substrate 3 separated by the isolation field which 
consists of a field oxide film 4. On the field oxide film 4 and the gate oxide film 5, word 
lines 6a and 6b are formed. The portion on the gate oxide film 5 of a word line 
constitutes the gate electrode. 

[0024] In the surface field of the P type silicon substrate 3 of the memory cell array 
sections 2 other than the field in which the field oxide film 4 and the gate electrode (6a) 
are formed, the N type diffusion layers 7a and 7b used as the source drain field of a 
transistor are formed, and N type diffusion layer 7c for connecting unit capacitative 
element is formed in the front face of the P type silicon substrate 3 of the couple part by 
volume 1. On these front faces, while I the lBt layer ] consisting of a silicon oxide, the 
insulator layer 8 has accumulated. Into the insulator layer 8, the 1st contact plug 9 
which connects with N type diffusion layer 7b the capacity lower electrode 10 formed on 
the insulator layer 8 between the 1st layer is formed between the 1st layer. 
[0025] The capacity up electrode 12 is formed through the capacity insulator layer 11 
deposited on the front face on the capacity lower electrode 10. The insulator layer 13 has 
accumulated between the 2nd layer on the insulator layer 8 and the capacity up 
electrode 12 between the 1st layer. Into the insulator layer 13, 2nd contact plug 14b 
which connects the capacity up electrode 12 and bit line 16a formed on the insulator 
layer 13 between the 2nd layer is formed between the 2nd layer. Into the insulator layer 
8 and the insulator layer 13 between the 2nd layer, the 2nd contact plugs 14a and 14c 
which connect the N type diffusion layers 7a and 7c and the bit lines . 15a and 15b 
formed on the insulator layer 13 between the 2nd layer are formed between the l6t layer. 
Consequently the memory cell of the SUTAKKUTO capacitor structure where the 
capacitative element of the memory cell which consisted of a capacity lower electrode 10, 
a capacity insulator layer 11, and a capacity up electrode 12 ib formed in the lower part 
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of bit line 15a in the upper part of word line 6a is formed in the memory cell array 
section 2. 

[0026] Moreover, the unit capacitative element I two or more (here nine pieces) ] which 
consisted of a capacity lower electrode 10, a capacity insulator layer 11, and a capacity 
up electrode 12 is formed in the couple part by volume 1. Each unit capacitative element 
reaches capacity up electrode 12, and is connected in series with the 1st contact plug 9 
by N type diffusion layer 7c. The end connected in series is connected to bit line 15b 
through I becoming a pair 1 2nd contact plug 14b ( and the other end is connected to bit 
line 15b of another side which becomes a pair through 2nd contact plug 14c. Therefore, 
the couple capacitative element which consists of a series-connection object of unit 
capacitative element between bit line 15a and 15b is connected. In the couple part by 
volume 1, all unit capacitative element is designed so that it may have a capacity 
equivalent to the cell capacity Cs of a memory cell. 

[0027] [2nd examplel drawing 3 is the cross section having shown typically the 
structure of the couple part by volume 21 in the semiconductor device of the 2nd 
example of this invention, and the memory cell array section 22. In addition, the circuit 
diagram of this example memory is the same as that of the thing of the 1st example 
shown in drawing 1 . As shown in drawing 3 , the gate oxide film 25 is formed in the 
front face of the P type silicon substrate 23 separated by the isolation field which 
consists of a field oxide film 24. Word line 26a formed in the field of the request on the 
gate oxide film 25 constitutes the gate electrode of a transistor, and word line 26b 
formed on the field oxide film 24 has become the wiring which connects a gate electrode. 
In the surface field of the P type silicon substrate 23 of the memory cell array sections 
22 other than the field in which the field oxide film 24 and the gate electrode (26a) are 
formed, the N type diffusion layers 27a and 27b used as the source drain of a transistor 
are formed, and N type diffusion layer 27c for connecting a capacitor is formed in the 
front face of the P type silicon substrate 23 of the couple part by volume: 21. On these 
front faces, while [ the 1st layer ] consisting of a silicon oxide, the insulator layer 28 has 
accumulated. 

[0028] Into the insulator layer 28, the 1st contact plug 29 which connects N type 
diffusion layer 27b and bit line 30a formed on the insulator layer 28 between the 1st 
layer is formed between the 1st layer. On the front face of bit lines 30a and 30b, and the 
insulator layer 28 between the 1st layer, the insulator layer 31 has accumulated 
between the 2nd:layer. Into the insulator layer 31, 2nd contact plug 32c which connects 
bit lines 30a and 30b and the capacity lower electrode 33 formed on th insulator layer 
31 between the 2nd layer is formed between the 2nd layer. Into die insulator layer 28 
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and the insulator layer 31 between the 2nd layer, the 2nd contact plugs ;32a and 32b 
which connect the N type diffusion layers 27b and 27c and the capacity lower electrode 
33 formed on the insulator layer 31 between the 2nd layer are formed between the 1st 
layer. 

[0029] On the capacity lower electrode 33, the capacity up electrode 35 is formed 
through the capacity insulator layer 34 deposited on the front face. Consequently, the 
memory cell of the SUTAKKUTO capacitor structure where the capacitative element of 
the memory cell which consisted of a capacity lower electrode 33, a capacity insulator 
layer 34, and a capacity up electrode 35 is formed in word line 26a and the bit line 30a 
upper part is formed in the memory cell array section 22. Moreover, the capacitor [ two 
or more (this example 12 pieces) ] which consisted of a capacity lower electrode 33, a 
capacity insulator layer 34, and a capacity up electrode 35 is formed in the couple part 
by volume 21. Bach capacitor reaches capacity up electrode 35, and is connected in 
series by 2nd contact plug 32b and N type diffusion layer 27c. The end connected in 
series is connected to bit line 30a through [ becoming a pair ] 2nd contact plug 32c, and 
the other end is connected to bit line 30b of another side which becomes a: pair through 
2nd contact plug 32c. Therefore, between bit line 30a and 30b, it means that the couple 
capacitative element constituted with the series-connection object of unit capacitative 
element wa6 connected. In this example, the couple capacitative element of the capacity 
value of Cs/9 has been obtained by carrying out the 12-piece series connection of the 
unit capacitative element which has 4/3 of the capacity of the memory cell capacity Cs. 
[00301 

[Effect of the Invention] Since the semiconductor memory by this invention forms the 
couple capacitative element between bit lines in the same process as : memory cell 
capacitative element as it connected above, even if variation arises in for example, 
capacity insulation thickness, electrode height, etc., since the ratio of the; capacity of a 
memory cell and Icouple capacity is kept constant by change of the process at the time of 
forming capacity even if, it can secure the margin of multiple value sense operation 
greatly by it. Moreover, since the same layer as the layer which constitutes memory cell 
capacitative element is used for the electrode layer and capacity insulator layer which 
constitute couple capacitative element, it is not necessary to increase a manufacturing 
process and they can manufacture multiple value memory with a manufacturing co6t 
equivalent to the conventional DRAM. 

[0031] Moreover; it becomes possible about couple capacitative element equivalent to 
memory cell capacitative lem nt> or to form the couple capacitative element of the 
capacity value below memory cell capacity, maintaining the minimum design size used 
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